Background: Outcome assessment can support the therapeutic process by providing a way to track symptoms and functionality over time, providing insights to clinicians and patients, as well as offering a common language to discuss patient behavior=functioning. Objectives: In this article, we examine the patient-based outcome assessment (PBOA) instruments that have been used to determine outcomes in acupuncture clinical research and highlight measures that are feasible, practical, economical, reliable, valid, and responsive to clinical change. The aims of this review were to assess and identify the commonly available PBOA measures, describe a framework for identifying appropriate sets of measures, and address the challenges associated with these measures and acupuncture. Instruments were evaluated in terms of feasibility, practicality, economy, reliability, validity, and responsiveness to clinical change. Methods: This study was a systematic review. A total of 582 abstracts were reviewed using PubMed (from inception through April 2009). Results: A total of 582 citations were identified. After screening of title=abstract, 212 articles were excluded. From the remaining 370 citations, 258 manuscripts identified explicit PBOA; 112 abstracts did not include any PBOA. The five most common PBOA instruments identified were the Visual Analog Scale, Symptom Diary, Numerical Pain Rating Scales, SF-36, and depression scales such as the Beck Depression Inventory. Conclusions: The way a questionnaire or scale is administered can have an effect on the outcome. Also, developing and validating outcome measures can be costly and difficult. Therefore, reviewing the literature on existing measures before creating or modifying PBOA instruments can significantly reduce the burden of developing a new measure.
Introduction
O utcome instruments can provide information on the effectiveness of interventions and inform ''real life'' clinical practice, but selecting suitable outcome instruments can be time consuming and challenging. There are hundreds of outcome measures and instruments available. Instruments can be patient-completed (self-administered) questionnaires, physiologic tests, clinician-completed observation scales, task-specific activities=tests, and impairment tests.
Choosing an outcome instrument is difficult due to numerous factors. 1, 2 There are several important considerations when choosing an outcome measurement. For example, the instrument should ''(1) be valid, i.e., must measure what it sets out to test; (2) be reliable and consistent, i.e., it should give reproducible results on different occasions or with comparable groups; 3 (3) be responsive to clinical change; (4) be economical and feasible to administer; and (5) make it possible to compare findings to other studies, populations, or standard norms, etc.'' (p. 356) 4 In addition to these considerations, the patient health status must be considered and instruments should measure outcomes specifically targeted (or likely to be affected) by the intervention. The paradigm and theoretical basis of measures is important when choosing the type of instrument for research or clinical practice. For example, patient-based outcomes assessment (PBOA) instruments (i.e., instruments such as functionality and symptomatology indexes that are reported directly by the patient; also known as patient-reported pencil-and-paper instruments without any interpretation by a clinician or researcher) reflect a paradigm more focused on the individual that includes a greater emphasis on how the individual perceives his or her disease, including whether the person sees himself or herself as ill (in the sick role) or if the disease has resulted in impairment or disability. Some PBOA instruments may reflect this paradigm more than others. The theoretical basis for choosing a metric and the psychometric properties of many common PBOA instruments have been discussed elsewhere for chiropractic research by Khorsan et al., 4 and here we apply it to the evaluation of PBOA instruments used in acupuncture research.
The objectives of this review are to (1) assess the available literature and identify the most common PBOA instruments used in acupuncture research; (2) describe a framework for identifying appropriate sets of instruments; and (3) address the challenges associated with these instruments that are relevant to acupuncture.
Methods
This review was conducted in two phases. Initially, a broad systematic search was performed to identify existing instruments for measuring pain, disability, general health status, and well-being found in acupuncture therapy studies.
For the purpose of this study, we define patient outcome instruments as questionnaires, indexes, scales, or other instruments used to measure patients' health status, or change in health status, associated with a given intervention. To be included in the review, an instrument had to be used in at least three separate studies that met our search criteria. Patient outcome instruments were included if they were found cited in abstracts of articles reporting research related to acupuncture.
For each instrument that was included, a second search was conducted to identify articles reporting research into its psychometric properties. This second phase of searching was not restricted to studies of acupuncture. Data on the psychometric properties of identified instruments were subsequently extracted and compared (Table 1) .
Inclusion and exclusion criteria
Studies eligible for inclusion in this article included peerreviewed clinical trials and randomized controlled trials (RCTs) for which a full abstract was available. A sensitive search was originally conducted for key search terms for acupuncture, pain, disability, well-being, and outcome measures. Search terms for acupuncture and outcome were limited to the title or abstract to constrain the magnitude of the review yield to a manageable size. For example, search terms included: Acupuncture, Acupuncture Therapy, Acupuncture Points, Acupuncture Analgesia, patient*, outcome*, measure*, assessment*, and derivatives of each. A PBOA instrument had to appear in at least three publications to be included in this review.
All abstracts reviewed in this article were in English. Figure 1 outlines our search strategy.
Acupuncture was defined according to the National Institutes of Health (NIH) National Center for Complementary and Alternative Medicine. 5 This systematic review excluded studies on acupressure without needling, laser acupuncture, transcutaneous electrical nerve stimulation, dry needling, audits, surveys, literature reviews, commentaries, and proceedings. We also excluded case reports. Nearly always, a case report becomes a case report after the fact (after something of interest was noted in a given person). Therefore, it would be unlikely that a research-oriented outcome measure would be administered in a case report.
PubMed was the database searched. The complete search strategy is shown in Figure 1 . All articles were screened for PBOA instruments that were reported in the title, abstract, and full article.
Instrument identification and selection
Literature searches were conducted to identify abstracts on outcome instruments cited in studies in which primary or secondary acupuncture care were included. Searches were performed on PubMed from its inception through April 2009.
The search restrictions were human, clinical trial, metaanalysis, practice guideline, RCT, and review for which a full abstract was available. Full-length manuscripts were pulled whenever possible. If an abstract did not include a PBOA instrument and the full-length manuscript was unavailable or the manuscript was in a language other than English, we excluded it from this review. For this review, full-length manuscripts that reported the psychometric properties of the PBOA instruments were obtained.
Results
The search identified 582 articles. After screening of title= abstract, 212 articles were excluded. From the remaining 370 citations, 258 manuscripts identified explicit PBOA, while 112 abstracts did not include any PBOA (Fig. 1) . A total of 258 manuscripts were extracted and reviewed (Table 2) .
RCTs were the most common design for clinical acupuncture studies included in this review. Musculoskeletal disorders (33.33%), women's health (9.39%), and headache (9.30%) were the most common conditions researched in the included acupuncture studies. Sleep disorders (1.16%) were the least common conditions researched in the included acupuncture studies. The vast majority of studies included PBOA instruments as their primary measure (74.42%).
Assuming that the country of the lead author of a given study was the location of the research, we found that most acupuncture studies were conducted in Europe (55.42%). North America was responsible for about 20% of the research (22.5%), Asia (16.28%), Australia (2.71%) and South America (1.16%).
Of those instruments identified, the visual Analog Scale (VAS) was the most common PBOA measure used. For assessing pain intensity and function, the VAS and the numerical Pain rating Scales (NRS) were the most common scales used. The most commonly used health status and well-30 KHORSAN ET AL.
being instrument was the SF-36. Forty studies used a Symptom Diary (n ¼ 40) to assess patient health and wellbeing. Table 2 provides a summary and characteristics of the 258 studies included. The most common PBOA instruments used in acupuncture research are reviewed in Figure 1 . We also extracted and compared the data on the psychometric properties of identified instruments in Table 1 . The number of study participants in the included studies ranged from 5 (n ¼ 5) to 14,101 (n ¼ 14,161) subjects. The mean number of subjects was 251, the median was 56, and the mode was 30. There were 11 studies that included 1000 or more subjects.
The vast majority of studies identified in this review employed a battery of instruments rather than a single instrument. Some articles (about 30%) do not have a specific citation to the PBOA instrument used or incorrectly cite the references. Many studies do not define or explain ''modified'' instruments. Most study abstracts included a number of different PBOA instruments.
Discussion
Challenges and psychometric properties associated with PBOA instruments and acupuncture
The goal of this section is not to discuss all the published works relating to the PBOA instruments, but to provide the reader with a rich outline of the important aspects of the PBOA instruments examined in this review. Toward that effort, we will briefly discuss some of the studies that highlight important aspects of a PBOA instrument (i.e., validity) that are significant when considering its use as an outcome measure in acupuncture research or clinical care.
The most common instruments used in acupuncture studies are single-dimensional pain scales pain such as the VAS (n ¼ 86) and NRS (n ¼ 39). The VAS is a patientcompleted analogue instrument that evaluates pain intensity and function, typically on a 100-mm-long horizontal or vertical line anchored at each end with a statement representing the extremes of the dimension being measured. Unlike the VAS, the NRS is used to measure pain severity using whole numbers. Generally the NRS styles also include a horizontal line marked by whole numbers, typically 0-10.
Both instruments provide pain intensity and function estimates relatively quickly, are highly patient-centered, and have the most value when looking at change within individuals, but are of less value for comparing across a group of individuals at one time point. Also both instruments are quick and simple to administer, 6 easy to translate into other languages, inexpensive, 7 and readily available. The single-dimensional pain intensity and function scales (i.e., the VAS and NRS) have been criticized for their lack of sensitivity, oversimplifying the patient's experience of pain, and their single dimension of pain (e.g., intensity). 9 For pain-related studies such as headache, musculoskeletal, and cancer-and treatment-related symptoms, the most common scales used in acupuncture clinical research included the VAS, NRS, 10-point Likert scale on subjective experience (n ¼ 24) and global well-being, and Symptom Diary (n ¼ 40). However, most studies did not include citations for the use of the 10-point Likert scale on subjective experience and global well-being and Symptom Diary. Therefore, for these instruments, it is unknown whether there are any validity or reliability issues. The Symptom Diary was also commonly used among acupuncture studies of pulmonary, sleep, and urological disorders. We were unable to determine whether the Symptom Diaries used in acupuncture research were structured, meaning that the research participants recorded particular information related to a specific health event or a particular research question; or unstructured (i.e., journals, used to explore a patient's spontaneous thoughts and feelings in relationship to a particular event). 10 No study in this review cited a standardized and validated Symptom Diary. While there are validated Symptom Diaries available (i.e., the Diagnostic Headache Diary), 11 it may be that most researchers are unable to find in the published literature a specific diary that meets their particular research question and therefore each research team devises their own diary. 12 About 60% of all acupuncture studies in this review used some sort of quality-of-life measure (QoL). The Medical Outcomes Study Short Form-36 (SF-36) (n ¼ 38) was the most common QoL instrument used across all study designs and conditions. The SF-36, often referred to as the MOS SF-36, and the RAND 36 Ò -Item Health Survey 1.0 (distributed by RAND) are identical scales with 36-item general health 
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status assessment items constructed to survey health status in the 2-year study of patients with chronic conditions.
13,14
The SF-36 is perhaps one of the most common outcomeassessment instruments in use in contemporary health services research. There are substantial reliability and validity data for the SF-36. 13, [15] [16] [17] Other QoL measures used were the NIH-CPSI, the Nottingham Health Profile, and the EuroQol 5-Dimension form.
In contrast to brief or predictable procedure-related pain, more comprehensive pain assessment requires the determination of other characteristics of the pain, such as location and quality, and its effect on mood and function. Multidimensional pain assessment tools have been developed to capture these aspects of pain.
The most common multidimensional pain scales used by acupuncture pain studies were the McGill pain questionnaire (MPQ), The Oswestry Pain Disability Index (ODI), the Roland Morris Disability=Activity Questionnaire (RM), and the Western Ontario and McMaster Universities (WOMAC) Osteoarthritis Index.
The MPQ originally attempted to depict pain experience using 78 pain descriptors on three dimensions: (I) sensory (items 1-10), (II) affective (items 11-15), (III) evaluative (items 16); and (IV) an additional miscellaneous descriptor (items [17] [18] [19] [20] . 18 Later, a short form of the MPQ (SF-MPQ) was derived from commonly used sensory and affective descriptors in the clinical studies.
The ODI, like the MPQ, is a self-report questionnaire designed for assessing the degree of functional limitation in patients with low-back pain seeking consultation in secondary care, while the RM is designed for assessing the degree of functional limitation in patients seeking consultation for low-back pain in primary care. 19 The development, testing, and properties of both measures have been extensively examined and adequately reviewed ( Table 1) .
The WOMAC is a disease-specific, self-administered questionnaire that evaluates three dimensions: pain (5 questions), stiffness (2 questions), and physical function (17 questions). 20 The WOMAC was constructed to evaluate patients' experience of osteoarthritis (OA) of the knee and hip. It was designed in the late 1980s in response to the lack of a multidimensional instrument that could measure clinically important, patient-relevant symptoms of OA in the knee and hip. 21 The reliability and validity of the WOMAC has been demonstrated in a number of studies. 22, 23 Disability and depression scales were mainly used in studies on mental health, neurologic conditions, addiction, autoimmune condition, and musculoskeletal disorders. The most common disability and depression scales were the Pain Disability Index (PDI) and Beck Depression Inventory (BDI) (n ¼ 13). For studies in hospital settings, the Hospital Anxiety and Depression Scale (HADS) (n ¼ 7) was used.
The PDI is a patient-completed, condition-specific functional status questionnaire, based on the Oswestry Low Back Pain Questionnaire. The PDI rates the level of disability on a numerical rating scale (0 ¼ no disability and 10 ¼ maximum disability) assessing seven broad categories of activity including items on recreation, personal care, activities related to home and family, work, frequency and quality of sex life, social activity, and general life-support functions (e.g., eating, sleeping, and breathing). 24 The BDI is a multiple-choice self-report inventory that is among the most widely used instruments for measuring the severity of depression and mental health. The instrument was created to measure the intensity, severity, and depth of depression.
The PDI and the BDI have been translated into many languages and are used to evaluate outcomes in a range of populations, settings, and interventions.
Measures for acupuncture in primary care settings and hospitals
The Measure Yourself Medical Outcome Profile (MY-MOP), and the HADS 25, 26 were used in several acupuncture clinical studies, including acupuncture for chronic pain management and the elderly (Fig. 1) .
MYMOP is an outcome measure originally developed to measure aspects and an effect of symptoms that a patient determines is most important to her or him. It is a sensitive measure of within-person change over time, is applicable to the whole spectrum of illness seen in primary care, is capable of measuring the effects of a wide variety of care, and enables the patient to score the chosen variables. 27 However, since the patient requires some structured guidance, especially the first time the MYMOP is completed, this makes it unsuitable for postal administration on the first occasion.
The HADS consists of 14 questions, 7 for anxiety and 7 for depression. Although it was originally designed for hospital general medical outpatients, it has been extensively used for other populations such as in primary care. 25, 26 The psychometric properties for the HADS and MYMOP are extensively evaluated across a range of populations, settings, and interventions.
PBOA instruments in acupuncture versus conventional therapy research
Hull et al., in a prospective cohort study, researched the various methods of assessing clinically meaningful change associated with a course of acupuncture treatments. According to Hull et al., assessing outcomes associated with acupuncture is particularly challenging compared to other therapies. ''Acupuncture may result in subtle improvements in a general sense of well-being in ways that may not be measured by standardized instruments, and acupuncture treatments often are customized to meet individual patients' unique clinical needs and therapeutic goals, thereby making it difficult to define a priori a single set of clinical outcomes to assess'' (p. 247). 28 Hull et al. correctly assert that the effects of acupuncture cannot be easily quantified by commonly examined clinical outcomes due to its whole systems construct.
Complementary and alternative therapies are often based on whole medical systems that are built upon complete systems of theory and practice, as is true for acupuncture. 29 Most acupuncture research on acupuncture effects and application remains controversial among contemporary biomedical medical researchers and clinicians because the acupuncture research does not generally involve a standardized protocol. According to Hull et al., ''Rather, treatments and therapeutic objectives usually are tailored to meet the individual patient's unique clinical presentation, needs, or desires. Such individualized treatment approaches and therapeutic objectives limit the ability of standardized instruments to assess meaningful clinical change among groups of patients'' (p. 248). 28 Yet, acupuncture researchers, like all clinical researchers, should assess the appropriateness of their treatment approach defined and measured by clinically significant change and determine patient satisfaction from the intervention.
We found in this review that acupuncture research includes a combination of validated instruments, such as common standardized questionnaires that assess functional status or health-related QoL before and after the administration of a therapeutic intervention for a specific condition. Examples include the VAS, NRS, and SF-36 and diseasespecific QoL instrument such as the WOMAC, BDI, and RM used to quantify change over time. However, acupuncture research also included a wide variety of unvalidated instruments like the 10-point Likert scale on subjective experience and global well-being and Symptom Diary. Both types of measures were used to capture particular health and wellbeing information from the study participant in relationship to a specific health event or an experience based on a particular research question that no single instrument and no combination of validated scales alone could achieve. The large number of unvalidated PBOA instruments in acupuncture research may be associated with the paradigm of whole systems medicine. Therefore, instruments such as MYMOP can be the most useful for assessing clinical change among patients who present for acupuncture treatment with a variety of symptoms, clinical conditions, and therapeutic objectives. 28 Further research is needed to determine whether these results apply across other whole medical system therapies compared to conventional therapy research.
Finding more information on PBOA instruments
There are electronic databases established as sources of information on PBOA instruments for clinical and research use. Some can be accessed free of charge, whereas others require membership or fees. Khorsan et al discuss many common electronic databases and translated version of PBOA instruments available for researchers and clinicians. 4 One such source is the Patient-Reported Outcomes Measurement Information System (PROMIS). 30 PROMIS was originally developed as an NIH Roadmap network project intended to develop, validate, and standardize item banks to measure patient-reported outcomes relevant across common medical conditions. 31 The PROMIS is a publicly available system that can be added to and modified periodically and that allows clinical researchers to access a common repository of items and computerized adaptive tests. The PROMIS is also a network for researchers and clinicians to collaborate on the collection of self-reported data from diverse populations with a variety of chronic diseases, using agreed-upon methods, models, and questionnaires.
Conclusions
Ideally, the selection of potential core outcome measures should be based on ''(1) purpose of study or intended use, (2) appropriateness of the measure's content and conceptual model, (3) patient population, (4) reliability, (5) validity, (6) clinical responsiveness, (7) minimization of respondent and administrator burden and feasibility, (8) respondent and administrator acceptability, (9) costs, (10) comparability, and (11) availability and equivalence of versions for different cultures and languages. Other criteria may also include interpretability, precision of scores, and availability and equivalence of alternate forms and methods of administration (e.g., self-report, interviewer).'' 4 However, like all health measures, the way a questionnaire or scale is administered can have an effect on the outcome. Also, developing and validating outcome measures can be costly and difficult. Therefore, reviewing the literature on existing measures before creating or modifying PBOA instruments can significantly reduce the burden of developing a new measure. Many articles in this review (30%) do not identify the specific outcome measure or incorrectly cite the references.
It is also important to consider the comparability of data collected to previous studies. This requires some knowledge of what measures have been used, which are the most common that are being used in similar populations that would allow comparative data to be used.
